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This paper is to draw attention to a recent development of a dynamical theory of nuclear deformations in which the macroscopic behaviour of a classical liquid drop of almost incompressible condensed nuclear matter and the interaction with the quasiparticle components are given their balanced role. Since the first three parts of this theory are about to be published separately /1,2,3/, we content ourselves here with a short presentation of the basic ideas. The conserved total energy is shown to be E = C E + E, = covrst (up to second order terms in pi), where the macroscopic part (including the collective kinetic energy) is and the quasi-particle correction = tr (Fp,) -+ is an implicit functional of P(r,t) and its time derivatives (through eq. (10)). In the static case, E l reduces to the familiar energy shell-correction / 5 / .
The quasi-particle correction pi can be shown in perturbation theory to lead tp a correction B1 of the inertial parameter which in the adiabatic limit corresponds to the difference between the macroscopic (h~drodynamical) inertia, contained in eq. (14), and its cranking-model value.
The nuclear surface as a collective variable /2/:
The solution of the dynamical problem for the average density F(;,t)
is assessed by introducing an equivalent sharp nuclear surface, defined by the positions of the maximal density gradient (see also ref. / 7 / ) . This allows to split the problem into two parts, one for the nuclear interiour and one for the surface region. The boundary conditions matching the two regions involve such phenomenological parameters as the surfacetension and the compression modulus. The equations for the surface are most adequately formulated using a shape dependent curvilinear coordinate system / 7 / .
The boundary conditions become particularly transparent for isoscalar density modes: a) The average particle velocity component normal to the equivalent sharpe surface must be equal to the velocity of the normal displacement of the surface itself.
b) The normal component of the stress tensor caused by the density distortion should be compensated by the excess pressure due to the surface tension at the curved surface.
This approach to the nuclear surface dynamics becomes in the case of small distortions aroundaspherical equilibrium shape equivalent to the approach of Bohr and Mottelson as applied to the first-sound collective modes / 8 / . The general formalism developed in ref.
/2/ will, however, also be applicable to large-amplitude processes such as fission or fusion and their coupling to intrinsic modes.
Landau Zero -Sound and Nuclear Giant Resonances /3/:
In the spirit of the shell correction method, nuclear dynamics of collective motion is split up into average behaviour and fluctuations. In this combined liquid + gas approach, the average behaviour of nuclear dynamics is treated within the framework of hydrodynamics and fluctuations by Landau theory of zero sound. Finite size effects from the nuclear surface are thus contained entirely in the hydrodynamic part so that Landau theory of nuclear matter can be used for the bulk. The boundary conditions then couple the liquid and the gas giving rise to zero sound admixtures to the otherwise first sound motion.
The resulting characteristic equation for the eigenvalues w = xsvF/Ro becomes where the zero sound velocity svF has to be determined from the Landau equation,
Here ef is the Fermi energy, b is the surface energy coefficient, Fo, F1 are the Landau parameters and jR(xaUf$ the spherical Bessel function.
Eqs. (16, 17) have been solved on a TI-59 desk calculator. By virtue of the coupling between zero and first sound, eigenenergies hwk of nuclei with masses 50 \< A 6 300 are not strictly proportional to ~-l / 3 but exhibit small deviations from this law if the parameters 0.5 ,< Fo ,< 3, -0.5 4 F1 d 1 .O, 2 6 eF/bsurf 4 3 are employed. Resulting quadrupole and octupole giant resonance energies,
